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MAGNETIC RESONANCE IMAGING APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Japanese 
Application No. 2005-304798 ?led Oct. 19, 2005. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a magnetic reso 
nance imaging apparatus, and particularly to a magnetic 
resonance imaging apparatus for emitting an electromag 
netic Wave toward a subject to excite an imaged region in the 
subject in a static magnetic ?eld space, conducting a scan to 
acquire magnetic resonance signals generated in the imaged 
region in the subject, and then producing an image of the 
subject based on the magnetic resonance signals acquired by 
conducting the scan. 

[0003] Magnetic resonance imaging (MRI) apparatuses 
are Widely used in various ?elds including a medical appli 
cation and an industrial application. 

[0004] A magnetic resonance imaging apparatus emits an 
electromagnetic Wave toWard a subject in a static magnetic 
?eld space to thereby excite spins of protons in the subject 
With a nuclear magnetic resonance (NMR) phenomenon, 
and conducts a scan to acquire magnetic resonance (MR) 
signals generated by the excited spins. Based on the mag 
netic resonance signals acquired in the scan, a slice image of 
a cross-sectional plane through the subject is produced. 

[0005] In such imaging on a subject using the magnetic 
resonance imaging apparatus, if the subject moves during 
the scan, motion artifacts may appear in a produced slice 
image. For example, When the heart or abdomen of the 
subject is imaged, body motion such as respiratory or 
cardiac motion leads to development of motion artifacts and 
degenerates image quality. 
[0006] To prevent such image quality degeneration due to 
motion artifacts, there is proposed methods of conducting 
imaging in synchronization With body motion such as res 
piratory or cardiac motion (see Patent Documents 1 and 2, 
for example). 

[0007] [Patent Document 1] Japanese Patent Application 
Laid Open No. Hl0-2770l0 

[0008] [Patent Document 2] Japanese Patent Application 
Laid Open No. 2002-102201 

[0009] In such methods, a displacement caused by cyclic 
cardiac motion is detected as electrocardiographic signals, 
for example, and the magnetic resonance imaging apparatus 
repetitively scans the subject at a speci?c phase of cardiac 
motion of the subject based on the electrocardiographic 
signals. In the scan, ?rst, a region containing the diaphragm, 
for example, is selectively excited to monitor respiratory 
motion of the subject, and a navigator sequence is performed 
to acquire magnetic resonance signals as navigator echo 
data. Subsequent to the navigator sequence, an imaging 
sequence is performed to acquire magnetic resonance sig 
nals as imaging data from a slice position at Which a slice 
image is to be produced. At that time, if a displacement of 
the diaphragm obtained by the navigator sequence falls 
Within a prede?ned acceptance WindoW, the imaging data 
acquired by the subsequent imaging sequence is selected as 
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raW data for the slice image to sequentially ?ll a k-space. In 
particular, since the heart rate of the subject is generally of 
the order of sixty beats per minute, the navigator sequence 
and imaging sequence are performed in a cycle of 1000 msec 
to acquire navigator echo data and imaging data, and imag 
ing data that is acquired When a displacement of the dia 
phragm obtained by the navigator echo data falls Within a 
prede?ned acceptance WindoW is selected as raW data, Which 
is for use as a material for a slice image. A slice image is then 
reconstructed based on the imaging data selected as raW 
data. 

[0010] When imaging data is acquired While generating an 
RF pulse in a cycle of one second in synchronization With 
cardiac motion of the subject, hoWever, longitudinal mag 
netiZation of protons in the imaged region is not fully 
recovered because the T1 value of the blood vessel is of the 
order of 1300 msec, for example, resulting in loW signal 
intensity for imaging data acquired as described above. 
Thus, contrast of an image is sometimes loWered and it is 
difficult to improve image quality. Especially When the 
coronary artery is to be imaged, such an inconvenience is 
sometimes encountered. 

SUMMARY OF THE INVENTION 

[0011] It is therefore an object of the present invention is 
to provide a magnetic resonance imaging apparatus capable 
of improving contrast of an image, and hence, image quality. 

[0012] To attain the aforementioned object, the present 
invention provides a magnetic resonance imaging apparatus 
comprising: a scanning section performing a plurality of 
number of times an imaging sequence for emitting an 
electromagnetic Wave toWard a subject to excite an imaged 
region in said subject in a static magnetic ?eld space, and 
acquiring magnetic resonance signals generated in said 
imaged region in said subject as a set of imaging data; and 
an image producing section for producing an image of said 
subject based on a plurality of said sets of imaging data 
acquired by said scanning section performing said imaging 
sequence, Wherein: said magnetic resonance imaging appa 
ratus further comprises a body motion detecting section for 
periodically detecting a displacement caused by body 
motion of said subject; said scanning section performs said 
imaging sequence if said displacement caused by body 
motion detected by said body motion detecting section falls 
Within a speci?ed range; and said image producing section 
corrects each of said plurality of sets of imaging data 
acquired in said imaging sequence performed a plurality of 
number of times by said scanning section using a correction 
factor corresponding to a time interval betWeen a ?rst 
imaging sequence in Which each set of said imaging data is 
acquired and a second imaging sequence performed before 
said ?rst imaging sequence, and then produces an image 
based on said plurality of corrected sets of imaging data. 

[0013] According to the present invention, there is pro 
vided a magnetic resonance imaging apparatus capable of 
improving contrast of an image, and hence, image quality. 

[0014] Further objects and advantages of the present 
invention Will be apparent from the folloWing description of 
the preferred embodiments of the invention as illustrated in 
the accompanying draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram showing the con?gura 
tion of a magnetic resonance imaging apparatus 1 in an 
embodiment in accordance With the present invention. 

[0016] FIG. 2 is a How chart shoWing an operation in 
imaging the subject SU in the present embodiment. 

[0017] FIG. 3 is a sequence chart depicting a sequence in 
scanning the subject SU in the present embodiment, Wherein 
the horizontal axis represents a time axis t. 

[0018] FIG. 4 is a pulse sequence chart depicting a navi 
gator sequence NS in the present embodiment. 

[0019] FIGS. 5a and 5b are diagrams shoWing the process 
of deciding Whether a displacement N1 of the diaphragm 
falls Within an acceptance WindoW AW in the present 
embodiment. 

[0020] FIG. 6 shoWs recovering longitudinal magnetiZa 
tion in the present embodiment. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] An exemplary embodiment of the present inven 
tion Will noW be described With reference to the accompa 
nying draWings. 
[0022] FIG. 1 is a block diagram shoWing the con?gura 
tion of a magnetic resonance imaging apparatus 1 in an 
embodiment in accordance With the present invention. 

[0023] As shoWn in FIG. 1, the magnetic resonance imag 
ing apparatus 1 has a scanning section 2 and an operation 
console section 3. 

[0024] NoW the scanning section 2 Will be described. 

[0025] The scanning section 2 has a static magnetic ?eld 
magnet section 12, a gradient coil section 13, an RF coil 
section 14, and a cradle 15, as shoWn in FIG. 1, for emitting 
an electromagnetic Wave toWard a subject SU to excite an 
imaged region in the subject SU in an imaging space B in 
Which a static magnetic ?eld is generated, and conducting a 
scan to acquire magnetic resonance signals generated in the 
imaged region in the subject SU. 

[0026] In the present embodiment, the scanning section 2 
repetitively scans the subject SU at a speci?c phase of 
cardiac motion of the subject SU based on electrocardio 
graphic signals detected by a body motion detecting section 
25, Which Will be described later, in the operation console 
section 3. 

[0027] In the scan, ?rst, a region containing the diaphragm 
in the subject SU is selectively excited to monitor respira 
tory motion of the subject SU, and a navigator sequence is 
performed to acquire magnetic resonance signals as navi 
gator echo data. Subsequent to the navigator sequence, an 
imaging sequence is performed on a region containing the 
coronary artery in the subject SU as imaged region to 
acquire magnetic resonance signals as a set of imaging data 
for producing a slice image. Speci?cally, if a displacement 
of the diaphragm caused by respiratory motion detected by 
the body motion detecting section 25 based on the navigator 
echo data acquired by performing the navigator sequence 
falls Within a prespeci?ed range, the scanning section 2 
performs the imaging sequence, detailed of Which Will be 
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discussed later. In other Words, the scanning section 2 
repetitively performs an imaging sequence at the same phase 
of each cardiac cycle of the subject SU if a displacement of 
the diaphragm caused by respiratory motion of the subject 
SU falls Within a prespeci?ed range. 

[0028] The components in the scanning section 2 Will noW 
be described one by one. 

[0029] The static magnetic ?eld magnet section 12 is 
comprised of, for example, a pair of permanent magnets to 
generate a static magnetic ?eld in the imaging space B 
receiving the subject SU. The static magnetic ?eld magnet 
section 12 here generates the static magnetic ?eld such that 
the direction of the static magnetic ?eld aligns With a 
direction Z that is perpendicular to the body axis direction of 
the subject SU. Alternatively, the static magnetic ?eld mag 
net section 12 may be comprised of a superconductive 
magnet. 

[0030] The gradient coil section 13 generates a gradient 
magnetic ?eld in the imaging space B in Which the static 
magnetic ?eld is generated, to add spatial positional infor 
mation to magnetic resonance signals received by the RF 
coil section 14. The gradient coil section 13 here is com 
prised of three coil systems of x-, y- and Z-directions to 
generate gradient magnetic ?elds in a frequency encoding 
direction, a phase encoding direction, and a slice selective 
direction, depending upon imaging conditions. In particular, 
the gradient coil section 13 applies a gradient magnetic ?eld 
in the slice selective direction of the subject SU to select a 
slice through the subject SU to be excited by the RF coil 
section 14 transmitting an RF pulse. The gradient coil 13 
also applies a gradient magnetic ?eld in the phase encoding 
direction of the subject SU to phase-encode magnetic reso 
nance signals from the slice excited by the RF pulse. The 
gradient coil section 13 moreover applies a gradient mag 
netic ?eld in the frequency encoding direction of the subject 
SU to frequency-encode magnetic resonance signals from 
the slice excited by the RF pulse. 

[0031] The RF coil section 14 is disposed to surround the 
imaged region in the subject SU, as shoWn in FIG. 1. The RF 
coil section 14 transmits an RF pulse, Which is an electro 
magnetic Wave, to the subject SU in the imaging space B in 
Which the static magnetic ?eld is generated by the static 
magnetic ?eld magnet section 12, to generate a high fre 
quency magnetic ?eld and excite spins of protons Within the 
imaged region in the subject SU. The RF coil section 14 then 
receives an electromagnetic Wave generated by the excited 
protons in the subject SU as magnetic resonance signals. 

[0032] The cradle 15 has a table for laying thereon the 
subject SU. The cradle section 26 is moved betWeen the 
inside and outside of the imaging space B based on a control 
signal from the control section 30. 

[0033] NoW the operation console section 3 Will be 
described. 

[0034] The operation console section 3 has an RF driving 
section 22, a gradient driving section 23, a data collecting 
section 24, the body motion detecting section 25, a control 
section 30, an image producing section 31, an operating 
section 32, a display section 33, and a storage section 34, as 
shoWn in FIG. 1. 

[0035] The components in the operation console section 3 
Will noW be described one by one. 
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[0036] The RF driving section 22 drives the RF coil 
section 14 to transmit an RF pulse to the imaging space B for 
generating a high frequency magnetic ?eld. The RF driving 
section 22 modulates a signal from an RF oscillator into a 
signal of predetermined timing and envelope using a gate 
modulator based on a control signal from the control section 
30, and then ampli?es the signal modulated by the gate 
modulator at an RF poWer ampli?er and outputs it to the RF 
coil section 14, thus transmitting the RF pulse. 

[0037] The gradient driving section 23 applies a gradient 
pulse to the gradient coil section 13 and drives the section 13 
based on a control signal from the control section 30, to 
generate a gradient magnetic ?eld in the imaging space B in 
Which the static magnetic ?eld is generated. The gradient 
driving section 23 has three driving circuits (not shoWn) 
corresponding to the three systems of the gradient coil 
section 13. 

[0038] The data collecting section 24 collects magnetic 
resonance signals received by the RF coil section 14 based 
on a control signal from the control section 30. The data 
collecting section 24 here has a phase detector that phase 
detects magnetic resonance signals received by the RF coil 
section 14 With reference to the output from the RF oscillator 
in the RF driving section 22. Thereafter, an A/D converter is 
used to convert the magnetic resonance signals, Which are 
analog signals, into digital signals and output them. 

[0039] In the present embodiment, the data collecting 
section 24 outputs magnetic resonance signals acquired as a 
set of imaging data by an imaging sequence performed by 
the scanning section 2 to the image producing section 31 in 
the operation console 3. Moreover, the data collecting sec 
tion 24 outputs magnetic resonance signals acquired as 
navigator echo data by a navigator sequence performed by 
the scanning section 2 to the body motion detecting section 
25. 

[0040] The body motion detecting section 25 has a com 
puter and a program for causing the computer to execute 
predetermined data processing, and executes data processing 
for detecting a displacement caused by body motion of the 
subject SU each time the scanning section 2 performs an 
imaging sequence. 

[0041] In the present embodiment, the body motion 
detecting section 25 detects a displacement caused by car 
diac motion of the subject SU using an electrocardiograph. 

[0042] Along With this operation, the body motion detect 
ing section 25 periodically detects a displacement caused by 
body motion of the subject SU before the scanning section 
2 performs an imaging sequence. The body motion detecting 
section 25 here repetitively detects a displacement of the 
diaphragm of the subject SU, Which varies With respiratory 
motion before the imaging sequence, for each cardiac cycle 
of the subject SU at the same phase in that cardiac cycle. In 
particular, the body motion detecting section 25 detects a 
displacement of the diaphragm moved by respiratory motion 
before the scanning section 2 performs an imaging sequence 
based on navigator echo data acquired by the scanning 
section 2 performing a navigator sequence. 

[0043] The control section 30 has a computer and a 
program for causing the relevant components to execute an 
operation corresponding to a predetermined scan using the 
computer, and controls the relevant components. The control 
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section 30 here is supplied With operation data from the 
operating section 32, and based on the operation data 
supplied from the operating section 32, outputs for control 
a control signal to the RF driving section 22, gradient 
driving section 23, and data collecting section 24 to conduct 
a predetermined scan, and outputs for control a control 
signal to the body motion detecting section 25, image 
producing section 31, display section 33, and storage section 
34. 

[0044] The image producing section 31 has a computer 
and a program for causing the computer to execute prede 
termined data processing, and reconstructs a slice image for 
a slice through the subject SU based on a control signal from 
the control section 30. In the present embodiment, the image 
producing section 31 produces a slice image of the subject 
SU based on a plurality of sets of imaging data acquired by 
the scanning section 2 performing the imaging sequence. 
The image producing section 31 here corrects each of the 
plurality of sets of imaging data acquired in the imaging 
sequence performed a plurality of number of times by the 
scanning section 2 using a correction factor corresponding to 
a time interval betWeen a ?rst imaging sequence in Which 
each set of imaging data is acquired and a second imaging 
sequence performed before the ?rst imaging sequence. 
Thereafter, a slice image for the subject SU is reconstructed 
based on the plurality of corrected sets of imaging data. The 
image producing section 31 then outputs the reconstructed 
slice image to the display section 33. 

[0045] The operating section 32 is comprised of operation 
devices such as a keyboard and a pointing device. The 
operating section 32 is supplied With operational data by the 
operator, and outputs the operational data to the control 
section 30. 

[0046] The display section 33 is comprised of a display 
device such as a CRT, and displays an image on its display 
screen based on a control signal from the control section 30. 
For example, the display section 33 displays on its display 
screen a plurality of images of input ?elds for the operator 
to input operational data via the operating section 32. The 
display section 33 also receives from the image producing 
section 31 data for a slice image of the subject SU produced 
based on magnetic resonance signals from the subject SU, 
and displays the slice image on its display screen. 

[0047] The storage section 34 is comprised of a memory, 
and stores several kinds of data. The storage device 33 has 
the stored data accessed by the control section 30 as needed. 

[0048] NoW an operation in imaging the subject SU using 
the magnetic resonance imaging apparatus 1 of the afore 
mentioned embodiment in accordance With the present 
invention Will be described hereinbeloW. 

[0049] FIG. 2 is a How chart shoWing an operation in 
imaging the subject SU in the present embodiment. FIG. 3 
is a sequence chart depicting a sequence in scanning the 
subject SU in the present embodiment, Wherein the hori 
Zontal axis represents a time axis t. 

[0050] In the present embodiment, the scanning section 2 
repetitively conducts a scan S on the subject SU at a speci?c 
phase of cardiac motion of the subject SU based on elec 
trocardiographic signals detected by the body motion detect 
ing section 25, to acquire magnetic resonance signals. In 
particular, as shoWn in FIG. 3, an R-Wave 51 is detected in 
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an electrocardiographic signal detected by the body motion 
detecting section 25, and the scanning section 2 periodically 
and repetitively starts the scan S on the thorax of the subject 
SU at a time point t1 corresponding to systole after a 
predetermined delay time D1 from a time point t0 at Which 
the R-Wave 51 is detected. For example, the scan S is 
repeated in a cycle of one second. 

[0051] In conducting the scan S, a navigator sequence NS 
is initially performed (S11), as shoWn in FIGS. 2 and 3. 

[0052] Speci?cally, to monitor respiratory motion of the 
subject SU, the scanning section 2 selectively excites spins 
in a region containing the diaphragm, and performs the 
navigator sequence NS to acquire magnetic resonance sig 
nals as navigator echo data according to a spin echo tech 
nique. For example, the navigator sequence NS is performed 
in a period from the time point t1 after the predetermined 
delay time D1 from the time point t0 at Which the R-Wave 
51 is detected, to a time point t2 after a predetermined time 
D2 therefrom, as shoWn in FIG. 3. 

[0053] FIG. 4 is a pulse sequence chart depicting the 
navigator sequence NS. FIG. 4 shoWs an RF pulse RF, a 
gradient magnetic ?eld Gx in an x direction, a gradient 
magnetic ?eld G2 in a Z direction, and a gradient magnetic 
?eld Gy in a y direction. In the draWing, the vertical axis 
represents intensity, and the horizontal axis represents a time 
axis. 

[0054] In performing the navigator sequence NS, ?rst, as 
shoWn in FIG. 4, a ?rst x-gradient magnetic ?eld Gx1 is 
applied along With a 90° pulse RF1 to thereby selectively 
90°-excite a ?rst slice plane containing the diaphragm of the 
subject SU. Thereafter, a second x-gradient magnetic ?eld 
Gx2 is applied to the subject SU to reWind the phase, and a 
third x-gradient magnetic ?eld Gx3 and a ?rst Z-gradient 
magnetic ?eld GZ1 are applied along With a 1800 pulse RF2 
to thereby l80°-excite a second slice plane intersecting the 
?rst slice plane in the region containing the diaphragm. 
Then, ?rst and second y-gradient magnetic ?elds Gy1 and 
Gy2 are applied for frequency encoding, and a magnetic 
resonance signal MR1 from a region at Which the ?rst slice 
plane intersects the second slice plane in the subject SU is 
acquired as navigator echo data. 

[0055] The magnetic resonance signal MR1 acquired as 
navigator echo data by performing the navigator sequence 
NS is then collected by the data collecting section 24 and 
output to the body motion detecting section 25. 

[0056] Next, a decision is made as to Whether a displace 
ment N of the diaphragm falls Within an acceptance WindoW 
AW (S21). 

[0057] Speci?cally, the control section 30 decides Whether 
the displacement N1 of the diaphragm of the subject SU 
detected by the body motion detecting section 25 falls Within 
the acceptance WindoW AW. 

[0058] In particular, ?rst, based on the navigator echo data 
acquired by the scanning section 2 performing the navigator 
sequence NS as described above, the body motion detecting 
section 25 determines a displacement N1 of the diaphragm 
moved by respiratory motion before the scanning section 2 
performs the imaging sequence IS. The navigator echo data 
here is subjected to one-dimensional inverse Fourier trans 
formation to generate a pro?le of the region containing the 
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diaphragm, and a displacement N1 of the diaphragm is 
determined from the pro?le by the body motion detecting 
section 25. In the present embodiment, a portion in the 
generated pro?le that has high signal intensity corresponds 
to the abdomen, that having loW signal intensity corresponds 
to the thorax, and a border portion betWeen the portions 
representing the abdomen and thorax corresponds to the 
diaphragm; thus, a position at Which the border portion 
corresponding to the diaphragm has moved in the body axis 
direction is determined as displacement N1 of the diaphragm 
by the body motion detecting section 25. 

[0059] Thereafter, the control section 30 applies compari 
son processing on the displacement N1 of the diaphragm of 
the subject SU detected by the body motion detecting 
section 25 and upper and loWer thresholds of the prede?ned 
acceptance WindoW AW to decide Whether the displacement 
N1 falls Within the acceptance WindoW AW. 

[0060] FIG. 5 is a diagram shoWing the process of decid 
ing Whether the displacement N1 falls Within the acceptance 
WindoW AW in the present embodiment, Wherein the hori 
Zontal axis represents a time axis t, and the vertical axis 
represents a displacement N of the diaphragm. In the draW 
ing, FIG. 5(a) shoWs the displacement N1 falling outside the 
acceptance WindoW AW, and FIG. 5(b) shoWs the displace 
ment N1 falling Within the acceptance WindoW AW. 

[0061] When the displacement N1 of the diaphragm does 
not fall Within the prede?ned acceptance WindoW AW (No) 
as shoWn in FIG. 5(a), no imaging sequence IS is performed 
but a navigator sequence is performed in a next cardiac cycle 
(S11), as shoWn in FIG. 2. 

[0062] On the other hand, if the displacement N1 of the 
diaphragm falls Within the prede?ned acceptance WindoW 
AW (Yes) as shoWn in FIG. 5(b), the imaging sequence IS 
is performed (S31), as shoWn in FIG. 2. 

[0063] Speci?cally, subsequent to the navigator sequence 
NS, an imaging sequence is performed on the region con 
taining the coronary artery in the subject SU as imaged 
region to acquire magnetic resonance signals as a set of 
imaging data for producing a slice image. For example, the 
scanning section 2 performs the imaging sequence IS 
according to a gradient echo technique. The imaging 
sequence IS is performed in a period from the time point t2 
at Which the navigator sequence NS is completed to a time 
point t3 after a predetermined time D3 therefrom, as shoWn 
in FIG. 3. The magnetic resonance signals acquired as a set 
of imaging data by performing the imaging sequence IS are 
then collected by the data collecting section 24. 

[0064] Thus, in each scan S, if the displacement N1 of the 
diaphragm caused by respiratory motion detected by the 
body motion detecting section 25 based on the navigator 
echo data acquired by performing the navigator sequence 
NS falls Within the prede?ned acceptance WindoW AW, the 
scanning section 2 performs the imaging sequence IS, as 
indicated by a solid line on the left side of FIG. 3. On the 
other hand, in each scan S, if the displacement N1 of the 
diaphragm caused by respiratory motion detected by the 
body motion detecting section 25 based on the navigator 
echo data acquired by performing the navigator sequence 
NS does not fall Within the prede?ned acceptance WindoW, 
the scanning section 2 does not perform the imaging 
sequence IS, as indicated by a dashed line on the right side 
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of FIG. 3. In other Words, the scanning section 2 performs 
the imaging sequence IS at the same phase of each cardiac 
cycle of the subject SU if a displacement of the diaphragm 
caused by respiratory motion of the subject SU falls Within 
a prespeci?ed range. 

[0065] Next, a decision is made as to Whether acquisition 
of imaging data has been completed (S41), as shoWn in FIG. 
2. 

[0066] Speci?cally, the control section 30 decides Whether 
imaging data corresponding to a matrix of a slice image to 
be produced have been collected by the data collecting 
section 24. For example, a decision is made as to Whether 
imaging data corresponding to all phase encoding steps in 
the k-space have been acquired. If not all imaging data are 
collected by the data collecting section 24 (No), the control 
section 30 controls the relevant components to continue the 
scan S on the subject SU. 

[0067] On the other hand, if all imaging data required have 
been collected by the data collecting section 25 and acqui 
sition is completed (Yes), the acquired imaging data is 
subjected to correction (S51), as shoWn in FIG. 2. 

[0068] Speci?cally, each of the plurality of sets of imaging 
data I acquired by the scanning section 2 performing the 
imaging sequence IS a plurality of number of times is 
corrected by the image producing section 31 using a cor 
rection factor Rpq corresponding to a time interval q 
betWeen a ?rst imaging sequence IS1 in Which each set of 
imaging data I is acquired and a second imaging sequence 
IS2 performed before the ?rst imaging sequence IS1. In 
other Words, the image producing section 31 corrects varia 
tion in signal intensity among the plurality of sets of imaging 
data I caused by different recovery times for longitudinal 
magnetiZation MZ in the imaging sequence IS performed a 
plurality of number of times by the scanning section 2. 

[0069] FIG. 6 shoWs recovering longitudinal magnetiZa 
tion in the present embodiment, Wherein the vertical axis 
represents strength of longitudinal magnetiZation M2, and 
the horizontal axis represents a time t. 

[0070] As shoWn in FIG. 6, since longitudinal magnetiZa 
tion of protons is recovered according to EQ. (1) given 
beloW after signal acquisition, a correction factor Rpq is 
de?ned as EQ. (2) given beloW in the present embodiment, 
and a set of imaging data I acquired in a ?rst imaging 
sequence IS1 is multiplied by the correction factor Rpq by 
the image producing section 31 according to EQ. (3) to 
obtain a corrected set of imaging data H. In the equations 
given beloW, Mp represents strength of longitudinal mag 
netiZation excited in a second imaging sequence IS2 before 
performing the ?rst imaging sequence IS1, indicating 
strength of longitudinal magnetiZation at a ?rst time point t1 
after a recovery time of p seconds, as shoWn in FIG. 6. Mq 
represents strength of longitudinal magnetiZation at the start 
of excitation in the ?rst imaging sequence IS1, indicating 
strength of longitudinal magnetiZation at a second time point 
t2 after a recovery time of q seconds from the ?rst time point 
t1. Mo represents initial magnetization, and T1 represents 
the longitudinal relaxation time of an artery contained in the 
imaged region. 
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H = Rpq-1 (3) 

[0071] Next, a slice image is produced (S61), as shoWn in 
FIG. 2. 

[0072] Speci?cally, the image producing section 31 recon 
structs a slice image of the subject SU using the plurality of 
sets of imaging data corrected as described above. The 
image producing section 31 then outputs the reconstructed 
slice image to the display section 33. 

[0073] As described above, according to the present 
embodiment, the scanning section 2 performs a plurality of 
number of times an imaging sequence IS for emitting an 
electromagnetic Wave toWard a subject SU to excite an 
imaged region containing the coronary artery in the subject 
SU in the static magnetic ?eld space, and acquiring magnetic 
resonance signals generated in the imaged region in the 
subject SU as a set of imaging data. At that time, before 
performing the imaging sequence IS each time, the scanning 
section 2 performs a navigator sequence NS for acquiring 
magnetic resonance signals from a region containing the 
diaphragm of the subject SU as navigator echo data, and the 
body motion detecting section 25 detects a displacement N 
of the diaphragm caused by respiratory motion based on the 
navigator echo data acquired by the scanning section 2 
performing the navigator sequence NS. If the displacement 
N caused by respiratory motion of the subject SU detected 
by the body motion detecting section 25 falls Within an 
acceptance WindoW AW, the scanning section 2 performs the 
imaging sequence IS on a region containing the coronary 
artery in the subject SU as imaged region. 

[0074] Thereafter, the image producing section 31 pro 
duces a slice image of the subject SU based on a plurality of 
sets of imaging data acquired by the scanning section 2 
performing the imaging sequence IS. At that time, the image 
producing section 31 corrects each of the plurality of sets of 
imaging data acquired in the imaging sequence IS performed 
a plurality of number of times by the scanning section 2 
using a correction factor corresponding to a time interval 
betWeen a ?rst imaging sequence IS1 in Which each set of 
imaging data is acquired and a second imaging sequence IS2 
performed before the ?rst imaging sequence IS1. Then, the 
image producing section 31 produces a slice image of the 
subject SU based on the plurality of corrected sets of 
imaging data. 

[0075] Thus, according to the present embodiment, since 
longitudinal magnetiZation of protons in an imaged region 
can be fully recovered by performing an imaging sequence 
in response to respiratory motion of the subject SU to 
acquire imaging data, and the imaging data is corrected to 
come close to signal intensity that Would be obtained by 
fully recovered longitudinal magnetiZation according to a 
time interval betWeen times at Which an imaging sequence 
is performed, imaging data can be acquired as raW data 
having high signal intensity. Therefore, the present embodi 
ment is capable of improving contrast of an image, and 
hence, image quality. 
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[0076] It should be noted that the magnetic resonance 
imaging apparatus 1 in the embodiment above corresponds 
to the magnetic resonance imaging apparatus of the present 
invention. The scanning section 2 in the embodiment above 
corresponds to the scanning section of the present invention. 
The body motion detecting section 25 in the embodiment 
above corresponds to the body motion detecting section of 
the present invention. The image producing section 31 in the 
embodiment above corresponds to the image producing 
section of the present invention. Finally, the display section 
33 in the embodiment above corresponds to the display 
section of the present invention. 

[0077] The present invention is not limited to being prac 
ticed in the aforementioned embodiment, and several varia 
tions may be employed. 

[0078] For example, the navigator sequence may be per 
formed according to any one of various imaging techniques, 
besides the spin echo technique. 

[0079] Moreover, for example, body motion of the subject 
is not limited to being detected by performing a navigator 
sequence. For example, respiratory motion may be detected 
by ?tting a belt around the thorax of the subject and 
detecting extension/contraction of the belt. 

[0080] Many Widely different embodiments of the inven 
tion may be con?gured Without departing from the spirit and 
the scope of the present invention. It should be understood 
that the present invention is not limited to the speci?c 
embodiments described in the speci?cation, except as 
de?ned in the appended claims. 

1. A magnetic resonance imaging apparatus comprising: a 
scanning device performing a plurality of number of times 
an imaging sequence for emitting an electromagnetic Wave 
toWard a subject to excite an imaged region in said subject 
in a static magnetic ?eld space, and acquiring magnetic 
resonance signals generated in said imaged region in said 
subject as a set of imaging data; and an image producing 
device for producing an image of said subject based on a 
plurality of said sets of imaging data acquired by said 
scanning device performing said imaging sequence, 
Wherein: 

said magnetic resonance imaging apparatus further com 
prises a body motion detecting device for periodically 
detecting a displacement caused by body motion of said 
subject; 

said scanning device performs said imaging sequence if 
said displacement caused by body motion detected by 
said body motion detecting device falls Within a speci 
?ed range; and 

said image producing device corrects each of said plural 
ity of sets of imaging data acquired in said imaging 
sequence performed a plurality of number of times by 
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said scanning device using a correction factor corre 
sponding to a time interval betWeen a ?rst imaging 
sequence in Which each set of said imaging data is 
acquired and a second imaging sequence performed 
before said ?rst imaging sequence, and then produces 
an image of said subject based on said plurality of 
corrected sets of imaging data. 

2. The magnetic resonance imaging apparatus of claim 1, 
Wherein: 

said body motion detecting device detects a displacement 
caused by respiratory motion of said subject. 

3. The magnetic resonance imaging apparatus of claim 2, 
Wherein: 

said body motion detecting device detects said displace 
ment caused by respiratory motion for each cardiac 
cycle of said subject. 

4. The magnetic resonance imaging apparatus of claim 3, 
Wherein: 

said body motion detecting device repetitively detects 
said displacement caused by respiratory motion at the 
same phase over cardiac cycles of said subject; and 

said scanning device performs said imaging sequence at 
the same phase over cardiac cycles of said subject. 

5. The magnetic resonance imaging apparatus of claim 1, 
Wherein: 

said scanning device performs said imaging sequence on 
a region containing the coronary artery of said subject 
as said imaging region. 

6. The magnetic resonance imaging apparatus of claim 1, 
Wherein: 

said scanning device performs a navigator sequence for 
acquiring said magnetic resonance signal as navigator 
echo data, before performing said imaging sequence; 
and 

said body motion detecting device detects said displace 
ment caused by body motion based on said navigator 
echo data acquired by said scanning device performing 
said navigator sequence. 

7. The magnetic resonance imaging apparatus of claim 6, 
Wherein: 

said scanning device performs said navigator sequence to 
acquire said navigator echo data on a region containing 
the diaphragm in said subject. 

8. The magnetic resonance imaging apparatus of claim 1, 
further comprising: 

a display device for displaying on its display screen an 
image of said subject produced by said image produc 
ing device. 


